Objective To investigate the risks of attempted and completed suicide in women who experienced a stillbirth, miscarriage, or termination of pregnancy within 1 year postnatally and compare this risk with that in women who experienced a live birth.
Introduction
Stillbirth, miscarriage, and termination of pregnancy have been established as a psychological trauma that can increase the risk of mental disorder in women. 1, 2 Perinatal loss may result in long-term psychological and emotional effects. 3 Suicide following fetal loss is an even more critical issue of concern. Women who have experienced prenatal loss may be immersed in grief or excessively blame themselves, which may trigger mental breakdown or even suicidal behaviour. However, few studies have focused on suicide in women who have experienced a stillbirth, miscarriage, or termination of pregnancy. A retrospective study reported that the standardised mortality ratio for suicide in women who had experienced a stillbirth did not differ significantly from that in the general female population. 4 Gissler et al. discovered that the risk of suicide in women who experienced a miscarriage or termination of pregnancy was 1.44 and 3.68 times higher than that in the general female population, respectively. 5 Reardon et al. reported that the risk of suicide in women who experienced miscarriage or termination of pregnancy was 2.54 times higher than that in women who delivered a live birth. 6 Studies investigating the risk of suicide following fetal death are limited. [7] [8] [9] The association of various suicidal behaviours with the different outcomes of pregnancy has not been separately examined. Differences in the voluntariness of fetal loss, whether accidental (i.e. miscarriage) or intentional (i.e. termination of pregnancy), may affect maternal mental status. Finally, almost no study has investigated this risk in women in an Asian society, in which the responsibility of carrying on the family name (or procreation) is traditionally borne by women. Although suicidal behaviour ranges from suicidal ideation and attempted suicide to completed suicide, 10 our examination focused more on the severe forms of attempted and completed suicide. Previously, we examined women who experienced a live birth and reported that those who were unmarried and had postpartum depressive disorder showed an increased risk of suicide within 1 year postnatally. 7 In the current study, we further focused on women with fetal loss and investigated the risks of attempted and completed suicide in women who had experienced a stillbirth, miscarriage, or termination of pregnancy within 1 year after their fetal loss and compared the risks with those in women who had experienced a live birth. Furthermore, the rates of attempted and completed suicide in the period from 2001 to 2011 were examined.
Methods

Data source
The data used in this matched case-control study were collected for the period from 2000 to 2012 from the Health and Welfare Data Science Centre (HWDC), Ministry of Health and Welfare, Taiwan, which is linked to the National Birth Registry, National Death Certification Registry and National Health Insurance Research Database (NHIRD) by national identification numbers. Reporting of births and deaths is mandatory in Taiwan. Hence, the records in the National Birth Registry and National Death Certification Registry are comprehensive, with appropriate validity. 11, 12 We also obtained data on the marital status and educational level of residents updated at the end of each year from the Household Registration Database in Taiwan. The NHIRD contains diagnosis and reimbursement details including hospitalisation, outpatient, and emergency treatment records, and accurately represents medical utilisation of Taiwan residents. 13 All the analysis processes had to be performed in the office of the HWDC, and only tabulated results could be printed out. According to HWDC regulations, cells with fewer than two patients are not permitted to be presented in a table to prevent the possible identification of patients.
Identification of cases and controls
We recruited all gravidas, including live birth, stillbirth, miscarriage, and termination of pregnancy in Taiwan from 2001 to 2011. We did not recruit gravidas in 2000 and 2012 to ensure that data on all of the women's health conditions in the preceding year could be retrieved and that all women were equally followed up for 1 whole year. We excluded women with missing age data or with an age of < 18 or > 50 years. In total, 1 633 597 live birth (regardless of the health status of the newborn) and stillbirth cases were collected from the National Birth Registry. The miscarriage and termination of pregnancy data were collected from medical records, and 735 214 reports of miscarriage and termination of pregnancy (International Classification of Diseases ninth revision Clinical Modification [ICD-9-CM] 634-637) were identified. Finally, these two data sets were combined. To ensure the independence of each observation and avoid excluding suicide cases that occurred after a subsequent childbirth, the last record was retained for women who had more than one pregnancy during the study period. A total of 1 992 422 gravidas were eligible for inclusion in this study.
The study investigated attempted and completed suicide separately. The attempted suicide group comprised 485 women with an emergency, outpatient or hospitalisation diagnosis recorded in the NHIRD for 'suicide and selfinflicted poisoning or injury' (ICD-9-CM E950-E959), which was determined by a physician, within 1 year following fetal loss. 14 Control groups for the attempted and completed suicide groups were created from all gravidas, including live birth, stillbirth, miscarriage, and termination of pregnancy by randomly selecting ten controls with no record of attempted or completed suicide, respectively, for each case and matching them by age and year of delivery according to the principles proposed by Rothman 15 and Hennessy et al. 16 The control groups of attempted and completed suicide comprised 4850 and 3500 women, respectively. The claims and death registry records of all women were examined up to 1 year after fetal loss.
Variable descriptions and definitions
The dependent variable was suicidal behaviour within 1 year following fetal loss for both the attempted and completed suicide groups. The independent variable was the gravidity result, which was classified into four groups: live birth, stillbirth, miscarriage and termination of pregnancy. The identification of live birth and stillbirth was based on the records obtained from the National Birth Registry. The identification of miscarriage and termination of pregnancy was based on the NHIRD, with the records divided into miscarriage (ICD-9-CM 634.x and 637.x) and termination of pregnancy (ICD-9-CM 635.x and 636.x).
Other potential confounding variables included marital status, educational level, degree of urbanisation of the residential area and any mental illness before gravidity. Marital status and educational level were retrieved at the end of the previous year. The degree of urbanisation of the residential area was categorised on the basis of the definition by Liu et al., 17 with 1 denoting the highest degree of urbanisation and 7 denoting the least degree of urbanisation. We further recoded this variable into four groups: high (≤ 2), middle (3-4), low (≥ 5), and unknown. Mental illnesses, diagnosed by a psychiatrist or a physician, included major depressive disorder, bipolar disorder, schizophrenia, substance use disorder, anxiety and history of suicide. To ensure the validity of diagnoses, mental illnesses were identified according to the respective ICD-9-CM codes at least three times within 1 year before gravidity.
14 Women were considered to have a history of suicide if they had received a related ICD-9-CM code at least once before gravidity.
Statistical analysis
The crude rates of attempted and completed suicide from 2001 to 2011 in women who had live birth or fetal loss within 1 year after gravidity were calculated. Women with suicidal behaviour whose gravidity resulted in stillbirth, miscarriage or termination of pregnancy were combined and coded as 'fetal loss' because of the very small number of stillbirths. The crude rates of attempted and completed suicide were calculated for each study year by dividing the number of suicide attempts and deaths, respectively, occurring in a calendar year in postnatal women (numerator) by the corresponding live birth and fetal loss (combined stillbirth, miscarriage, and termination of pregnancy) estimates (denominator) and then multiplying the result by 100 000.
A chi-square analysis was performed to evaluate factors associated with each dependent variable (i.e. attempted and completed suicide). All variables were included in conditional logistic regression models (stratified by age and year of delivery) to estimate adjusted odds ratios (aORs) and 95% CIs. The significance level for all statistical analyses was P < 0.05. All data were analysed using SAS, Version 9.3.
Results
We identified 350 and 485 completed and attempted suicide cases, respectively, in Taiwan between 2001 and 2011. Of the completed suicide cases, 17.7% were aged < 24 years and 26.3% were aged > 35 years. Of the attempted suicide cases, 35.7% were aged < 24 years and 17.3% were aged > 35 years (Table 1) . Figure 1 shows the trends of completed and attempted suicide rates in the women who had experienced a live birth or fetal loss within 1 year postpartum. The completed and attempted suicide rates in the women who experienced fetal loss were higher than those in the women who had a live birth. The highest rate of attempted suicide was 52.8 per 100 000 fetal losses in 2011. The rates of attempted suicide in the women who experienced fetal loss within 1 year postpartum increased considerably from 2001 to 2011. Table 1 shows that compared with those who did not complete suicide, the women who completed suicide were significantly more likely (P < 0.05) to have experienced a miscarriage (59.43% versus 25.79%); to be unmarried; to have a lower educational level; to have lived in a more urbanised residential area; and to have received a diagnosis of mood disorder, bipolar disorder, schizophrenia, substance use disorder, or anxiety. Furthermore, the women who attempted suicide were significantly more likely than those who did not (P < 0.05) to have experienced a miscarriage (50.52% versus 29.55%); to be unmarried; to have a lower educational level, and a lower income; to have received a diagnosis of mood disorder, bipolar disorder, substance use disorder, or anxiety; and to have a history of suicidal behaviour before pregnancy.
As listed in Table 2 , after adjustment for possible confounding variables, the risk of completed suicide was significantly higher in the women who had a stillbirth (aOR 5.2; 95% CI 1.77-15.32), miscarriage (aOR 3.81; 95% CI 2.81-5.15) or termination of pregnancy (aOR 3.12; 95% CI 1.77-5.5) than in the women who had a live birth. In the attempted suicide group, after adjustment for possible confounding variables, the risk of attempted suicide was significantly higher in the women who experienced a miscarriage (aOR 2.1; 95% CI 1.66-2.65) or termination of pregnancy (aOR 2.5; 95% CI 1.63-3.82) than in the women who had a live birth.
Other variables associated with completed suicide among postnatal women included marital status, educational level, receiving a diagnosis of mood disorder, schizophrenia, substance use disorder or anxiety, and having a history of suicide. Factors associated with attempted suicide among postnatal women included marital status, educational level, receiving a diagnosis of mood disorder, bipolar disorder or anxiety, and having a history of suicide.
Discussion
Main findings
This is the first study to separately examine the risks of completed and attempted suicide in women who experienced a stillbirth, miscarriage, or termination of pregnancy within 1 year postnatally. The rate of suicide was higher in the women who experienced fetal loss than in the women who experienced a live birth. The trends of attempted and completed suicide rates in the women who *The number of women who had a suicide history in the completed suicide group and had schizophrenia in the attempted suicide group was < 2; therefore, it is not presented in the table.
experienced a live birth remained unchanged; however, the rate of attempted suicide in the women who experienced fetal loss continuously increased from 2001 to 2011. The number of suicide notifications in Taiwan also increased every year. 18 The results of this study revealed that, after adjustment for other related risk factors, compared with the women who experienced a live birth, the risks of completed suicide were 5.2, 3.81 and 3.12 times higher in the women who experienced a stillbirth, miscarriage or termination of pregnancy within 1 year, respectively. In the attempted suicide group, we merged the cases of stillbirth into the miscarriage group because the number of stillbirth cases was very low. Compared with the women who experienced a live birth, the risks of attempted suicide were 2.1 and 2.5 times higher in the women who experienced a miscarriage (including stillbirth) and termination of pregnancy, respectively.
Strengths and limitations
The strengths of this study include the use of populationbased and long-term data and the linking of different data sets to evaluate the effects of suicidal behaviour after perinatal loss within 1 year. Moreover, we adopted a nested case-control study design, which is suitable for analysing the rare event of suicide, and employed several crucial variables associated with suicidal behaviour, such as marital status, educational level, economic status and psychological status, for estimation.
This study has a few limitations. First, because attempted and completed suicide cases were extracted from records and registry files, the ideation and degree of intention were unavailable for examination; however, official records are generally believed to underestimate the true burden of suicides. 19, 20 Furthermore, the attempted suicide cases extracted from the medical claims data set did not include the women who attempted suicide but were prevented from completing suicide or who sustained only minor injuries that did not require medical attention. Hence, the women whose suicidal intentions could not be confirmed or those who attempted suicide without sustaining severe injury may have been classified into the control group; consequently, our study results may be underestimated. Second, information on other risk factors associated with suicidal behaviour in women, such as intimate partner violence, 21 major life events, 22 smoking behaviour, and physical or sexual abuse, 23 was unavailable in our data sources. Moreover, delivering a newborn with disability or other comorbidity may be a risk factor. In this study, the control group included all women with live births regardless of newborn health status, which may have attenuated the association. Third, in this study, the women might have had a termination of pregnancy because of an unhealthy fetus or unwillingness to carry a baby; this was difficult to determine using ICD-9-CM codes. Finally, pregnant women may have been recruited in our analysis because we did not exclude women who became pregnant again within 1 year after a live birth or fetal loss. However, compared with no reproduction following stillbirth, reproduction after stillbirth is conducive to mental health. 24 
Interpretation
Studies have reported that the suicide mortality rate is lower in postpartum women than in women of the same age who have not been pregnant. 25, 26 In the current study, a higher risk of completed suicide was observed in the women who experienced a stillbirth or miscarriage than in those who had a termination of pregnancy, which is inconsistent with the results reported by Gissler et al. 5 Cultural effects should be critically considered for these differences. In traditional Chinese culture, the inability to produce a baby still poses specific challenges for Taiwanese women. 27 Stillbirth and miscarriage more likely result from an unintentional or unexpected perinatal loss, whereas termination of pregnancy may result not only from an unhealthy fetus but also from women's unwillingness to carry a baby. Compared with those in Western societies, losing a baby is a more serious burden on women in Chinese society. We further observed an increased risk of attempted suicide in the women who experienced a miscarriage or termination of pregnancy; however, this risk was lower than that of completed suicide. Moreover, the women who experienced a termination of pregnancy had a lower risk of attempted suicide than those who experienced a miscarriage, which is different from the trend in the completed suicide group. The women who experienced a termination of pregnancy were more likely to share the same risk factors for suicide (such as younger age, being unmarried and still receiving education) 28 and might experience more guilt resulting from termination of pregnancy. The results emphasise that women who completed suicide were distinct from women who attempted suicide. 7 The results of this study revealed that being unmarried, having a lower educational level and receiving a diagnosis of psychological illness increase the risk of suicidal behaviour within 1 year following fetal loss. Among psychological illnesses, mood disorder, anxiety and suicide history were related to both attempted and completed suicide. However, bipolar disorder was only related to attempted suicide, whereas schizophrenia and substance use disorder were only related to completed suicide. In the general population, bipolar disorder, schizophrenia and substance use disorder are common risk factors for attempted and completed suicide. [29] [30] [31] The mechanisms through which various psychological illnesses may operate and have an effect on attempted and completed suicide in postnatal women warrant further investigation.
Increasing numbers of studies have focused on not only preventing stillbirth but also improving the physical and psychological care of bereaved families. [32] [33] [34] [35] Women's access to appropriate services should be emphasised so that healthcare providers can intervene and assess the consequent risks of stillbirth. In addition to providing appropriate care to help women cope with depression and profound grief, preventing suicidal behaviour in women *P < 0.05; **P < 0.01; ***P < 0.001. ****The OR was calculated by performing conditional logistic regression conditioned on the maternal age and year of delivery. The results were adjusted for other variables listed in the table.
after stillbirth, miscarriage, and termination of pregnancy should be emphasised. Providing appropriate and sensitive care, as well as physical activity interventions, has been suggested to help women manage the multiple mental sequelae after a stillbirth 32, 36, 37 or miscarriage.
Conclusion
As a pioneering study, we observed that the risks of attempted and completed suicide were higher in women who experienced a stillbirth, miscarriage, or termination of pregnancy than in those who experienced a live birth within 1 year postnatally. People who have close contact with women who have experienced a stillbirth, miscarriage, or termination of pregnancy, particularly a miscarriage, should enhance their sensitivity to care for possible mental distress and should foster an appropriate attitude towards such women; this may help these women to avoid blaming themselves and to cope with their considerable stress. Additional studies should further examine suicide methods and focus on women with mental disorders or other psychological illnesses who have experienced fetal loss to evaluate their risk of suicidal behaviour by using a prospective follow-up study design.
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